HEATING APPARATUS WHICH HM ELECTROSTATIC ADSORPTION 
FUNCTIOTI, AND METHOD FOR PRODUCING IT 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present Invention relates to a heating apparatus 
which has an electrostatic adsorption function, and 
specifically to a heating apparatus which has an 
electrostatic adsorption function used sxiitably for a 
heating process of a semiconductor wafer in a production 
process and an inspection process of a semiconductor 
device or the like including a process of raising a 
teitperature . 

Description of the Related Art 

Conventionally, a heater aroxmd which a metal wire is 
coiled has been used for heating a semiconductor wafer in 
a process of production of a semiconductor device. However, 
when the heater was used, there was a problem of metal 
contamination to the semiconductor wafer. Therefore, there 
is proposed use of a wafer heating apparatus united with 
ceraitiics which uses a ceramic thin film as a heating layer 
in recent years {for example, see Japanese Patent 
Application Laid-open (KOKAI) No. 4-124076). 

;ttnong them, when heating a wafer, for exanple by a 
molecular beam epitaxy, CVD, sputtering, or the like, it 
is effective to use a composite ceramic heater consisting 
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of a pyrolytic boron nitride (PBN) and a pyrolytic 
graphite (PG) vyith a high purity which does not generate 
out gas and is excellent in a thermal shock resistance 
(see Japanese Patent Application Laid-open (KOKAJ) No. 63- 
241921) * The heater consisting of such materials has an 
advantage that it is easily installed compared with a 
tantalum wire heater which has been used until now^ 
troubles such as theisnal deformation, burnout, and short- 
circuit are not caused, and thus it is easy to use, and 
coitparatively uniform heating is easily achieved since it 
is an area heater. 

Moreover, an electrostatically adsorbing apparatus is 
generally used for fixing a semiconductor wafer on a 
heater when heating of a semiconductor wafer in reduced 
pressure atmosphere, and the material therefor has shifted 
to ceramics from resins with a tendency of higher 
tenperature process (see Japanese Patent Application Laid- 
open (KOKAl) Nos. 52-67353 and 59-124140). 

Recently, there is proposed a wafer heating aK>"atus 
which has the electrostatic adsorption function wherein 
these wafer heating apparatuses united with ceramics and 
electrostatically adsorbing apparatus are combined. For 
exaztple, an apparatus wherein alumina is used for the 
insulating layer of an electrostatically adsorbing 
apparatus has been used in a low-teitperature region such 
as an etching process (see New-ceramics (7) p49-53, 1994), 
and an apparatus wherein pyrolytic boron nitride is used 



2 



for an insulating layer of an electrostatically adsorbing 
apparatus has been used in an elevated-tenperature region 
such as a CVD process (see Japanese Patent Application 
Laid-open (KOKM) Nos. 4-35B074, 5-109876, 5-129210, and 
7-10665) • 

Generally, in such an electrostatically adsorbing 
apparatus, an electrostatic adsorption power will get 
strong if a volume resistivity of an insulating layer gets 
low, for example as indicated in the above-mentioned 
reference (New ceramics (7), p49-53, 1994). However, the 
device will be broken due to leakage current if it is too 
low. Therefore, when an insulating layer is formed in an 
electrostatically adsorbing apparatus, the insulating 
layer is formed so that the insulating layer may have a 
suitable volume resistivity laniformly in a plane by a 
sintering method, a CVD method, or the like. 

Although the electrostatically adsorbing apparatus 
made of ceramics has been installed in a molecular beam 
epitaxy apparatus, a CVD apparatus, a sputtering apparatus, 
or the like as descried above, there have been caused 
problems of nonuniformity of device characteristics and 
lowering of yield due to aggravation of a traperature 
distribution of the electrostatically adsorbing apparatus 
itself depending on the heat environment to be used, 
aggravation of a temperature distribution of the wafer 
itself resulting from contact of gas or plasma to the 
wafer or the like, with a tendency of higher integration 
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of a semiconductor device in recent years. 

Moreover, a so-called single wafer processing in 
which one wafer is processed at a time is increasingly 
adopted in a CVD apparatus and a sputtering apparatus, 
with a tendency of larger diameter of a wafer. As 
described above, in the case that the wafer with a large 
diameter is processed, the processing chamber for 
processing a wafer in a single wafer processing, a cooling 
system, and a processing gas system are arranged in a 
concentric configuiration centering on the wafer in many 
cases. Therefore, when a wafer is subjected to heat- 
treatment, a tertflperature gradient of the wafer arises in 
the shape of a concentric circle, and thus same of the 
heat-treated wafers may have semiconductor device 
characteristics which are different in the shape of a 
concentric circle from a center of the wafer. Therefore, 
the above-mentioned problems, such as uniformity of the 
device characteristics and lowering of yield are becoming 
much more serious. 

SUMMARY OF THE INVENTION 
The present invention has been acconiplished to solve 
the above-mentioned previous problems. An object of the 
present invention is to provide a heating apparatus which 
has an electrostatic adsorption function in which 
uniformity of a teir^jerature distribution in a plane of a 
wafer at the time of heat-treatment of the wafer can be 
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iitproved and th wafer can be heat-treated uniformly. 

To achieve the above mentioned object, according to 
the present invention, there is provided a heating 
apparatus which has an electrostatic adsorption function 
and which conprises at least a supporting substrate, an 
electrode for electrostatic adsorption formed on a surface 
of one side of the supporting substrate, a heating layer 
formed on a surface of the other side of the supporting 
substrate, and an insulating layer formed so that it may 
cover the electrode for electrostatic adsorption and the 
heating layer characterized in that a volume resistivity 
of the insulating layer is varied in a plane. 

As described above, in the heating apparatus whidh 
has the electrostatic adsorption function and which 
ccarprises at least a supporting substrate, an electrode 
for electrostatic adsorption, a heating layer and an 
insulating layer, if a volume resistivity of the 
insulating layer is varied in a plane, the electrostatic 
adsorption power at the time of adsorbing the wafer to the 
heating apparatus can be changed in a plane and can be 
controlled. Therefore, since the turbulence of the 
tenperature balance in a plane of the wafer produced at 
the time of heating the wafer can be offset and the 
uniformity of the tenperature distribution of the wafer 
can be significantly luproved, by utilizing the difference 
in the electrostatic adsorption power, there can be 
obtained the heating apparatus which has the electrostatic 
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adsorption function in which a wafer can be heat-treated 
uniformly. 

At this time, it is desirable that the variation of 
the volume resistivity of the insulating layer is a 
variation in a shape of a concentric circle • 

As described above^ if the volume resistivity of the 
insulating layer is varied in the shape of a concentric 
circle, especially in the case that the wafer with a large 
diameter will be sxobjected to a heat-treatment in a single 
wafer processing, the wafer can be heated isnlfozmlyf and 
the conventional problems due to. aggravation of the 
temperature distribution generated in the shape of a 
concentric circle, such as \aniformity of device 
characteristics and lowering of the yield, can be surely 
prevented. 

In this case, it is preferable that the volume 
resistivity is varied in the range of 10® to 10^* CI • cm. 

As described above, if the voliame resistivity is 
varied in the range of 10® to lO" Q • cm, sufficient 
electrostatic adsorption power which can adsorb a wafer 
certainly can be obtained, and breatege of the device or 
the like is not caused by leakage current. 

Moreover, it is preferable that the insulating layer 
consists of silicon nitride, boron nitride, a mixture of 
boron nitride and aluminium nitride, alumina, or aluminium 
nitride, and the insulating layer contains impurity in the 
range of 0.001 % to 20 %. Especially, it is preferable 
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that the boron nitride is pyrolytic boron nitride. 
Furthentiore, it is preferable that the ittpurity contained 
in the insulating layer is at least one kind of inpurity 
selected from the group consisting of silicon, carbon, 
boron, germanium, titanium, aluminium and nitrides, oxides 
and borides thereof. 

As described above, if the insulating layer consists 
of any one of the above-mientioned materials, the 
insulating layer can be easily formed, and excellent heat- 
resistance and strength can be obtained. Therefore, the 
insulating layer having a long lifetime which can be used 
for a long time can be obtained. Moreover, if the iznpurity 
is contained in the range of 0.001 % to 20 % in the 
insulating layer, the volume resistivity of the insulating 
layer can be easily controlled in the range of 10® to lO" 
a • cm. Especially, if the impurity contained in this 
insulating layer is at least one kind of imp\arity selected 
from the group consisting of silicon, carbon, boron, 
germanium, titanium, aluminiimi and nitrides, oxides and 
borides thereof, the voliame resistivity can be controlled 
easily and with high precision - 

Moreover, in the heating apparatus which has the 
electrostatic adsorption fianction according to -the present 
invention, it is preferable that the supporting substrate 
consists of any one of a silicon nitride sintered body, a 
boron nitride sintered body, a mixed sintered body of 
boron nitride and aluminium nitride, an alumina sintered 
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body, an aluminium nitride sintered body, and pyrolyti-c 
boron nitride coated graphite. 

If the supporting substrate consists of such a 
material, there can be obtained the heating apparatus by 
which heat-treatment can be performed stably for a long 
time, since it is excellent in a heat-resistance and 
strength. 

Moreover, it is preferable that the electrode for 
electrostatic adsorption and/or the heating layer are 
formed by screen printing or chemical vapor deposition. 

If the electrode for electrostatic adsorption and a 
heating layer are formed by screen printing or chemical 
vapor deposition, it can be formed in a desired thickness 
uniformly on the supporting substrate, a bonding strength 
of the electrode for electrostatic adsorption or a heating 
layer with the supporting substrate or with the insulating 
layer formed thereon can get strong. 

At this time, it is preferable that the electrode for 
electrostatic adsorption and/or the heating layer consist 
of any one of gold, a platinum group, silver, a mixture of 
gold or a platinum group and silver, titanium, tungsten, 
tantalum, mol^enum, pyrolytic graphite and pyrolytic 
graphite containing boron and/or boron carbide. 

If the electrode for electrostatic adsorption 
consists of the above materials, the electrode can be 
formed easily and electrostatic adsorption of the wafer 
can also be performed suitably. Moreover, if the heating 



layer consists of the above materials, the heating layer 
can be formed easily and heat generation can be performed 
efficiently, without causing troubles, such as thermal 
deformation, burnout, and short-circuit. 

Furthermore, according to the present invention, 
there is provided a method for producing a heating 
apparatus which has an electrostatic adsorption function 
by forming at least an electrode for electrostatic 
adsorption and a heating layer on a supporting svibstrate 
and then forming an insulating layer so that it may cover 
the electrode for electrostatic adsorption and the heating 
layer characterized in that the insulating layer is formed 
so that a volume resistivity may be varied in the 
insulating layer. 

According to the method for producing a heating 
apparatus which has an electrostatic adsorption function 
of the present invention as described above, it is 
possible to produce a heating apparatus which has an 
electrostatic adsorption function in which the turbulence 
of the tertperature balance in a plane of the wafer 
generated during heating the wafer can be offset to 
inprove significantly the temperature distribution of the 
wafer, and a wafer can be heat-treated \jniformly. 

AS described above, according to the heating 
apparatus which has the electrostatic adsorption function 
of the present invention, since a volume resistivity of 
the insulating layer is varied in a plane, the 
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electrostatic adsorption power at the time of adsorising 
the wafer to the heating apparatus can be controlled in a 
plane. Thereby, the turbulence of the temperature balance 
in a plane of the wafer generated at the time of heating 
the wafer can be offset, and the uniformity of the 
teitperature distribution of the wafer can be significantly 
lirproved, and thus the wafer can be heat-treated uniformly. 

BRIEF DESCRIPTION OF THE DRftWINGS 
Fig. 1 is a schematic sectional view showing an 
exanple of a heating apparatus which has an electrostatic 
adsorption function of the present invention. 

Fig. 2 is a flow diagram showing an example of a 
method for producing a heating apparatus which has an 
electrostatic adsorption function according to the present 
invention. 

DESCSIIPTION OF THE INVENTION MTO EMQBDIMENT 
The entoodiments of the present invention will now be 
described. However, the invention is not limited thereto. 

The inventors of the present invention repeated 
experiments and studied earnestly in order to improve a 
tenperature distribution of a wafer in heat-treatment, 
using skillfully the characteristics that an electrostatic 
adsorption power which adsorbs a wafer becomes strong when 
the volume resistivity of an insulating layer becomes low, 
and it becomes weak when a volume resistivity of the 
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insulating layer becomes high in a heating apparatus which 
has an electrostatic adsorption function. Consequently^ 
they found in light with the fact that heat conduction is 
iirproved when the electrostatic adsorption power becoines 
strong during heating of the wafer, that the teicperature 
distribution of the wafer can be significantly in?5roved by 
investigating the wafer teiiperature distribution at the 
time of heating the wafer beforehand under a certain heat 
environment, and changing the appropriately the volume 
resistivity of the insulating layer in a heating apparatus 
depending on the heat environment so that the volume 
resistivity of the insulating layer is made larger in the 
area that the temperature becomes high in a temperature 
distribution of the wafer during heat- treatment to weaken 
an electrostatic adsorption power and lower a heat 
conduction of the part brought into contact with the wafer, 
and on the other hand, the volume resistivity of the 
insulating layer is made smaller in the area that the 
ten5)erature of the wafer becomes low to strengthen an 
electrostatic adsorption power and increase the heat 
conduction, and thereby they completed the present 
invention. 

Namely, the heating apparatus which has the 
electrostatic adsorption function of the present invention 
is a heating apparatus which has the electrostatic 
adsorption function and which coitprises at least a 
supporting substrate, an electrode for electrostatic 
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adsorption formed on a surface of one side of the 
supporting substrate* a heating layer formed on a surface 
of another side of the supporting substrate r and an 
insulating layer formed so that it may cover the electrode 
for electrostatic adsorption and the heating layer 
characterized in that a volume resistivity of the 
insxilating layer is varied in a plane. 

First, the method for producing the heating apparatus 
which has the electrostatic adsorption function of the 
present invention will be explained referring to the 
drawings. The flow diagram showing an example of the 
method of producing the heating apparatus which has the 
electrostatic adsorption function of the present invention 
Is shown in Fig. 2. 

First, the supporting substrate 1 is prepared (Fig. 2 
(a) ) . The material of the supporting substrate 1 prepared 
at this time is not limited specifically. However, if it 
consists of, for example, any one of a silicon nitride 
sintered body, a boron nitride sintered body, a mixed 
sintered body of boron nitride and aluminum nitride, an 
alumina sintered body, an aluminijra nitride sintered body 
and pyrolytic boron nitride coated graphite, the heating 
apparatus which can perform heat-treatment stably for a 
long period can be manufactured, since it is excellent in 
a heat-resistance and strengtli. Especially, if the 
supporting substrate consists of pyrolytic boron nitride 
coated graphite, the influence of the contamination with 
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the iinpurity contained in the supporting svibstrate, gas^ 
or the like in the subsequent process for producing the 
heating-apparatus can be prevented. 

Next, an electrode for electrostatic adsorption and a 
heating layer are formed on the supporting substrate 1. 
The electrode for electrostatic adsorption and/or the 
heating layer can be formed by the screen printing or the 
chemical vapor deposition (CVD) . 

For example, when forming the electrode for 
electrostatic adsorption and the heating layer using CVD, 
as shown in Fig. 2 (b) , a deposited layer 2 is formed on 
the supporting substrate by allowing raw material gas to 
react under the condition of, for exairpler 1000 to 2500 
and 1 to 10 Torr. Subsequently, the electrode for 
electrostatic adsorption 3 and the heating layer 4 can be 
formed respectively by processing the deposited layer 2 so 
that a pattern of the electrode for electrostatic 
adsorption 3 may be formed on one side of the supporting 
substrate and a pattern of the heating layer 4 may be 
formed on the other side (Fig. 2 (c) ) . 

AS described above, the electrode for electrostatic 
adsorption 3 and the heating layer 4 which have a desired 
thickness can be formed on the supporting substrate 1 
uniformly with a high adhesion property by using CVD, and 
further a bonding strength of them to the insulating layer 
formed thereon can be made strong. 

Moreover, if the electrode for electrostatic 
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adsorption and the heating layer are formed by the screen 
printing, the same effect as chendcal vapor deposition can 
be achieved. 

Although the thickness of the electrode for 
electrostatic adsorption 3 and the heating layer 4 to be 
formed is not limited, it is preferable to be about 10 to 
300 Mni# especially 30 to 150 Mm. If the electrode for 
electrostatic adsorption 3 and the heating layer 4 may be 
formed in sucii a thickness, there can be obtained the 
heating apparatus which can electrostatically adsorb the 
wafer suitably by the electrode for electrostatic 
adsorption 3 and can heat the wafer suitably by the 
heating layer 4. 

Moreover, the electrode for electrostatic adsorption 
and/or the heating layer to be formed preferably consist 
of any one of gold, a platinum group, silver, a mixture of 
gold or a platinum group and silver, titanium, tungsten, 
tantalum, molitodenum, pyrolytic graphite, and pyrolytic 
graphite containing boron and/ or boron carbide. If the 
electrode for electrostatic adsorption consists of such a 
material, the electrode can be formed easily, and can 
electrostatically adsorb the wafer suitably since an 
electrostatic adsorption power thereof is high. Moreover, 
if the heating layer consists of the materials as 
described above, the heating layer can be formed easily 
and can generates the heat efficiently, without causing 
troubles such as thermal deformation, burnout and short- 
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circuit- 

After forming the electrode for the electrostatic 
adsorption 3 and the heating layer 4 in both sides of the 
supporting substrate 1 as described above, the heating 
apparatus 6 which has an electrostatic adsorption function 
can be obtained by fojnrdng the insulating layer 5 so that 
it may cover the electrode for electrostatic adsorption 3 
and the heating layer 4. At that time, the insulating 
layer is formed so that the volume resistivity of the 
insulating layer 5 is varied in a plane, according to the 
present invention (Fig. 2 (d) ) . 

The insulating layer 5 can be formed easily so that a 
volume resistivity may be varied in a plane, for exairple 
according to CVD using the raw material gas for forming 
the insulating layer 5 and the dope gas containing the 
iitpurity to be contained in the insulating layer 5 with 
controlling appropriately a xrd.xing ratio of the raw 
material gas and the dope gas, a flow rate of each gas, a 
position at which they are supplied, or the like, 

More specifically, the volume resistibility in a 
plane of the insulating layer can be varied at a 
distribution such that it may be low at a center part and 
high at a peripheral part in the shape of a concentric 
circle by supplying the dope gas frcrni a nozzle directed to 
the center part of the substrate when* the insulating layer 
5 is deposited by a CVD method. By depositing in such a 
way, a dopant concentration becomes high at a center part 
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and becomes low at a peripheral part* On the contrary, the 
dopant corxcentration can be made high at a peripheral part 
by supplying the dope gas from the peripheral part. 
Alternatively/ by arranging two or more nozzles, a dopant 
concentration can be varied at each nozzle. In the case of 
a sintering method, the iirpurities can be mixed therein 
with varying an amoimt of impurities partially when a 
sintering is performed. 

The variation of the volume resistivity of the 
insulating layer 5 can be controlled suitably depending on 
the heat environment where the heating apparatus is used 
or the like, at this tiioe. For exairple, the temperature 
distribution of the wafer at the time of heating a wafer 
in the heat environment where the manufactured heating 
apparatus is used is investigated beforehand, and the 
volume resistivity of the insulating layer 5 is changed so 
that the turbulence of the temperature distribution of the 
wafer may be offset, namely so that the volume resistivity 
of the insulating layer may be made smaller to provide a 
large electrostatic adsorption power in the range where 
the wafer temperature is low, and the other hand the 
volume resistivity of the insulating layer may be made 
larger to provide a small electrostatic adsorption power 
in the range where the wafer teitperature is high. Thereby, 
the heating apparatus which can heat a wafer unifontay can 
be manufactured. 

In this case, the insulating layer 5 to be formed is 
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preferably formed so that a volume resistivity may be 
varied in the range of 10^ to 10" CI • cm. When the volume 
resistivity of the insulating layer is smaller than 10* n • 
CTif the device may be broken due to leakage current^ as 
mentioned above. On the other handr when the volume 
resistivity of the insulating layer is larger than 10" O • 
cm, a sufficient electrostatic adsorption power cannot be 
obtained, so that it may became sometimes impossible to 
fix a wafer to the heating apparatus • 

Moreover, the insulating layer 5 can consist of any 
one of silicon nitride, boron nitride, a mixture of boron 
nitride and aluminum nitride, alumina, aluminum nitride, 
and pyrolytic boron nitride. If the insulating layer 
consists of such a material, it is easy to form the 
insulating layer and the excellent heat-resistance and 
excellent strengh can be obtained, and therefore, it 
becomes a insulating layer having a long lifetime which 
can be used for a long period. 

Furthermore, if an iitpurity is contained in the range 
of 0^001 % to 20 % in the insulating layer consisting such 
a material, the volume resistivity of the insulating layer 
is easily controlled in the range of 10® to 10^^ Q • cm. 
Especially^ if the impurity to be contained consists at 
least one kind of silicon, carbon, boron, germanium, 
titanium, aluminum, and a nitride thereof, an oxide 
thereof, and a boride thereof, the volume resistivity can 
be easily controlled with high precision. 
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The thickness of the insulating layer 5 to be formed 
is not limited. However, the thickness of the insulating 
layer 5 is preferably about 50 to 500 Mm, since dielectric 
breakdown may be caused if the thickness of the insulating 
layer 5 is, for exanple, less than 50 \m, and on the other 
hand, it is considered that a sufficient electrostatic 
adsorption power may not be obtained if the thickness of 
the insulating layer 5 exceeds 500 Mm. 

According to the method for manufacture as described 
above, there can be obtained the heSting apparatus 6 as 
shown in Fig. 1 which has the electrostatic adsorption 
function and which corrprises the si^^jporting substrate 1, 
the electrode for electrostatic adsorption 3 formed on a 
surface of on© side of the supporting substrate 1, the 
heating layer 4 formed on a surface of the other side of 
the supporting substrate 1, and the insulating layer 5 
formed so that it may cover the electrode for 
electrostatic adsorption and the heating layer, wherein 
the volume resistivity of the insulating layer 5 is varied 
in a plane. 

When the semiconductor wafer or the like is heated by 
the heating apparatus 6 which has electrostatic adsorption 
function, the semiconductor wafer can be adsorbed and 
fixed on the insulating layer 5 in whidh the volume 
resistivity is varied in a plane using the electrode for 
electrostatic adsorption 3 and the wafer can be heated by 
the heating layer 4 by supplying electric power from an 
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electric supply terndnal for electrostatic adsorption and 
an electric supply terminal for a heating layer (both are 
un-illustrated) which are provided respectively to the 
electrode for electrostatic adsorption 3 and the heating 
layer 4. 

According to the heating apparatus 6 which has an 
electrostatic adsorption function, the electrostatic 
adsorption power at the time of adsorbing a wafer to the 
heating apparatus can be varied in a plane by the 
difference in the volume resistivity in a plane of the 
insulating layer. And by using the difference In the 
electrostatic adsorption power^ the turbulence of the 
teitperature balance in a plane of the wafer generated when 
the wafer is heated can be offset, and thereby the 
uniformity of the temperature distribution of the wafer 
can be significantly iirproved. Therefore, there can be 
suppressed the aggravation of the temperature distribution 
of the electrostatically adsorbing apparatus itself which 
has been caused conventionally by the heat environment, 
the aggravation of the temperature distribution of the 
wafer itself caused by contact of gas or plasma to the 
wafer, and thereby the wafer can be heat-treated uniformly. 

Especially, if the volume resistivity of the 
insialating layer is varied in the shape of a concentric 
circle in the above-mentioned heating apparatus 6, the 
teitperature distribution produced in the shape of a 
concentric circle of the wafer can be offset, and the 
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wafer can be heat-tr ated miformly, even in the csase that 
the wafer with a large diameter is heat-treated in a 
single wafer processing. Therefore, the nonuniformity of 
the device characteristics conventionally caused in the 
shape of a concentric circle especially in the wafer with 
a large diameter as described above can be iirproved, and 
lowering of the yield can be surely prevented - 



Exairples 

The following example and corc¥>arative example are 
being submitted to further explain the present invention 
specifically. However, the present invention is not 
limited thereto. 
(Example) 

First, the graphite substrate with a diameter of 200 
nnti and a thickness of 20 iwn was prepared. Then, the mixed 
gas of ammonia and boron trichloride was allowed to react 
thereto under the condition of 1800 *C and 100 Torr, to 
produce the pyrolytic boron nitride coated graphite in 
which pyrolytic boron nitride was formed on the graphite 
substrate, which was used as the supporting substrate. 

Subsequently, methane gas was pyrolyzed on this 
supporting substrate, under the condition of 2200 'C and 5 
Torr, and the pyrolytic graphite layer with a thickness of 
100 m was formed. Then, the electrode pattern was 
processed on one surface of the formed pyrolytic graphite 
layer to form the electrode for electrostatic adsorption. 
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and the heater pattern was processed on the other surface 
to form the heating layer. 

After forming the electrode for electrostatic 
adsorption and the heating layer,, a mixed gas of ammonia, 
boron trichloride, methane, and silicon tetrachloride was 
allowed to react under the condition of 2000 ^'C and 5 Torr, 
with controlling a quantity of gas flow, to form the 
insulating layer with a thickness of 200 pm which consists 
of pyrolytic boron nitride containing boron carbide on 
both sides of the support substrate (methane was supplied 
from the periphery of the supporting substrate) . At this 
time, the boron-carbide content of the insulating layer 
from the center to the peripheral part was gradually 
varied from 0-1 to 5 % by weight in the shape of a 
concentric circle so that the uniform tenperature 
distribution of the wafer can be achieved when the wafer 
is heated with the manufactured heating apparatus. 

After forming the insulating layer, the insulating 
layer on the side of the electrode for electrostatic 
adsorption to be a wafer adsorption surface was subjected 
to mirror polishing, and thereby the heating apparatus 
which has an electrostatic adsorption function was 
produced. The volume resistivity of the insulating layer 
in the produced heating apparatus was measured at this 
time. It was 2 x 10" • cm in the center part of the 
insulating layer, and was gradually lowered from 2 x 10^* 
n • cm of the center of the insulating layer to 5 x lO" O ' 
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cm of the peripheral part, 

(Comparative exairqple) 

For coirparison, the heating apparatus which has an 
electrostatic adsorption fxmction was produced in the same 
manner as the above-mentioned example except that the 
mixed gas of ammonia, boron trichloride, and methane was 
allowed to react mder the condition of 2000 ""C and 5 Torr 
to form the insulating layer consisting of pyrolytic boron 
nitride with a thickness of 200 |im which contains 
uniformly 2 % by weight of a boron carbide on the whole 
surface. The volume resistivity of the insulating layer of 
the produced heating apparatus was measured, it was 5 x 
10"- CJ* cm in any area of the insulating layer. 

Next, each of the heating apparatuses having the 
electrostatic adsorption function produced by the above- 
mentioned exanple and the conparative example was 
installed into the CVD apparatus. Then, by ixrpressing 
voltage of approximately ±1 kV to the electrode for 
electrostatic adsorption^ the silicon wafer with a 
diameter of 200 mm in which a thermocouple was embedded 
was electrostatically adsorbed thereto, and at the same 
time a voltage was iirpressed to the heating layer to heat 
the wafer so that a tesnperature of the center of the wafer 
became 4 00 ^C. After heating the wafer until a teitperature 
of the center of the wafer became 400 **C, it was kept at 
the teirperature for 5 minutes, and stabilized thermally- 
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Th a temperature distribution in a radial direction of 
the silicon wafer was measured in the state • 

The measurement results of the temperatxire 
distribution of the silicon wafer heated with each of the 
heating apparatuses of the exainple and the comparative 
example are shown in the following table 1. 
[Table 1] 
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It is apparent from the table 1 that in the case of 
the silicon wafer heated using the heating apparatus 
(Exairple) wherein the volume resistivity of the insulating 
layer is varied in the shape of a concentric circle, a 
teitperature-dif ference At in a plane of the wafer is as 
small as 5 ''C, and the teirperature distribution of the 
wafer is very uniform. On the other hand, in the case of 
the silicon wafer heated using the heating apparatus 
(Cortparative Example) wherein the volume resistivity of 
the insulating layer is uniform^ at the closer to the 
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peripheral part of the silicon wafer the temperature of 
the wafer becoines low, and a terrpsrature-dif ference AT in 
a plane of the wafer is as large as 19 ''C, and thus the 
temperature distribution of the wafer is degraded. 

From the above results, it was confirmed that the 
laniformity of the tennperature distribution of the wafer is 
significantly inproved by heating the wafer using the 
heating apparatus which has the electrostatic adsorption 
function of the present invention. 

The present invention is not limited to the above- 
dtescribed embodiment • The above-described embodiment is a 
mere example, and those having the siabstantially same 
structure as that described in the appended claims and 
providing the similar action and effects are included in 
the scope of the present invention. 

Tor exairple, although the insulating layer of the 
heating apparatus which has an electrostatic adsorption 
fxinction is formed by CVD in the above erribodiment, the 
present invention is not limited thereto, and any method 
can be used as far as the insulating layer wherein the 
volume resistivity is varied in a plane can be formed. 
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